Background Among all types of gastric cancer (GC), signet-ring cell carcinoma (sig-GC) accounts for 4-17% of cases. The prognosis of early sig-GC is relatively good, with the 5-year survival rate at 99.7%. However, the correlation between histological features and lymph node metastasis (LNM) among pT1a (M) sig-GC remains unclear. Sig-GC often exhibits a double-layer structure (DLS) in the intramucosal layer, demonstrating functional differentiation into the normal gastric gland. Assumedly, the loss of the differentiation makes the DLS deranged, accounting for the occurrence of submucosal invasion and LNM. This study aimed to assess the proportion of DLS, to elucidate the correlation between histological features (including DLS) and LNM status, and to determine the LNM-negative condition in pT1a (M) sig-GC. Methods We reviewed the pathological data of 310 patients with 310 intramucosal sig-GCs who received gastrectomy with lymph node dissection. Immunohistochemistry was performed on all specimens to evaluate the presence of DLS. Furthermore, we review the clinicopathological features, including tumor size, lymphovascular invasion (LVI), ulceration (UL), and DLS results, and then statistically analyze the correlation between these features and LNM status. Results Overall, 129 pT1a (M) sig-GCs (42%) were DLS present. The univariate analysis revealed that "Tumor size > 20 mm", "UL present", and "DLS absent" were significant risk factors of LNM. The multivariate logistic regression analysis revealed only "DLS absent" as statistically significant. Conclusions "DLS absent" is a risk factor of LNM detected by the multivariate analysis. In pT1a (M), LVI absent, UL absent, tumor size > 20 mm, sig-GC, no LNM occurred in "DLS present" cases.
Introduction
Gastric signet-ring cell carcinoma (sig-GC) accounts for 4-17% of all types of gastric cancer (GC) cases [1, 2] . The prognosis of early sig-GC is good, with the 5-year survival rate at 99.7%, whereas those of differentiated and undifferentiated adenocarcinoma are 99.1% and 97.2%, respectively [3] . However, the correlation between histological features and lymph node metastasis (LNM) among pT1a (M) sig-GC remains unclear.
In the intramucosal layer, sig-GC often exhibits a doublelayer structure (DLS) [4] . While the upper layer primarily comprises intracytoplasmic abundant mucin with an eccentric nucleus, the lower layer primarily comprises poor intracytoplasmic mucin and acidophilic cytoplasm. In hematoxylin and eosin staining, the upper layer appears bright and the lower layer appears dark violet (Fig. 1) . Remarkably, this structure displays functional differentiation into the normal gastric gland [4, 5] . Natsagdorj et al. reported that the presence of DLS markedly decreased with submucosal (SM) invasion [5] . In addition, we reported statistically significant differences between the absence of DLS and occurrence of SM invasion and LNM among 534 cases of gastric carcinomas of undifferentiated type, including not only sig-GC but also poorly differentiated adenocarcinoma (P < 0.0001) by the univariate analysis. Among 251 DLS-present cases, 46 were SM invasion cases (18.3%) and 18 LNM-present cases (7.2%); conversely, among 283 DLS-absent cases, 180 were SM invasion cases (63.6%) and 53 LNM-present cases (18.7%) [6] . These findings suggested that the loss of the morphological and functional differentiation makes DLS deranged, accounting for the occurrence of SM invasion and LNM.
In this study, we hypothesized that among pT1a (M) sig-GC, DLS-present cases display an extremely low risk of LNM. Thus, this study aimed to assess the proportion of DLS, to elucidate the correlation between histological features (including DLS) and LNM, and to determine the LNM-negative condition among surgically resected pT1a (M) sig-GC.
Methods

Patients and methods
In this study, we reviewed the pathological data of 314 patients with 314 pT1a (M) sig-GCs who received gastrectomy with lymph node dissection (LND) at Shizuoka Cancer Center between September 2002 and December 2014. However, we excluded two patients of poor condition of specimens, and one patient of impossible cancer detection (in the new strip preparation that constituted this study's immunostaining, we could not detect the lesion, because it was minute lesion), and the other one patient of altered invasion depth (SM invasion was detected in an additional specimen). Finally, we enrolled 310 patients in this study and collected clinical data from the medical records regarding age, sex, location of the lesion, and endoscopic appearance.
Pathological analysis
We reviewed a series of pathological factors, including the tumor size, histological classification, presence of lymphatic invasion (Ly), presence of venous invasion (V), presence of ulceration (UL), immunohistochemical phenotype (e.g., gastric type, gastric and intestinal mixed type, intestinal type, and null type), distribution of cancer cells in the intramucosal layer (whole-layer type or superficial layer type), and presence of DLS. We performed D2-40 immunohistochemical staining (Nichirei, Tokyo, Japan) and Elastica van Gieson staining of all lesions to evaluate Ly and V precisely. In addition, we categorized histology into pure sig, comprising only sig, and mixed type, comprising sig, and other patterns, well-differentiated tubular adenocarcinoma (tub1), moderately differentiated tubular adenocarcinoma (tub2), poorly differentiated adenocarcinoma (por), and mucinous carcinoma (muc). Next, we categorized the distribution of cancer cells in the intramucosal layer into the following two types: wholelayer type (cancer cells extend over the entire intramucosal layer) and superficial layer type (cancer cells are confined to the superficial intramucosal layer). Moreover, we performed immunohistochemical staining MUC2 Glycoprotein (NCL-MUC2; Novocastra, UK), MUC5AC Glycoprotein (NCL-MUC5AC; Novocastra), MUC6 Glycoprotein (NCL-MUC6; Novocastra), and anti-human Ki-67 antigen (Clone MIB-I; DakoCytomation, Denmark) of all sections (4 µm thick) from individual formalin-fixed and paraffin-embedded tumor blocks to evaluate the phenotype and presence of DLS. Furthermore, we classified the phenotype into the following four types based on the outcomes of immunostaining: gastric type (MUC2 is negative; MUC5AC and MUC6 are positive), gastric and intestinal mixed type (MUC2, MUC5AC, and MUC6 are positive), intestinal type (MUC2 is positive; MUC5AC and MUC6 are negative), and null type (MUC2, MUC5AC, and MUC6 are negative). Fig. 1 Gastric signet-ring cell carcinoma (sig-GC) often shows a double-layer structure in the intramucosal layer. The upper layer primarily comprises intracytoplasmic abundant mucin with an eccentric nucleus, and the lower layer primarily comprises poor intracytoplasmic mucin and acidophilic cytoplasm. In hematoxylin and eosin staining, the upper layer appears bright and the lower layer appears dark violet
Definition of DLS
In the normal mucosa, foveolar epitheliums, which are positive for MUC5AC, spread over the superficial intramucosal layer. In addition, pyloric glands and mucous neck cells, which are positive for MUC6, spread in the deep intramucosal layer. Proliferating cells, which are positive for antihuman Ki-67 antigen, spread in the borderline between foveolar epitheliums and pyloric glands, mucous neck cells (Fig. 2) . DLS that is often observed in the intramucosal layer of sig-GC displays functional differentiation into the normal gastric gland. As shown in Fig. 3 , from the top to the bottom, each immunohistochemical staining positive area is arranged in the order of the red line (MUC5AC-positive area), green line (MUC6-positive area), and yellow line (Ki-67-positive area) and localized to the borderline similar to the normal mucosa; such cases are classified as "DLS-present cases". However, MUC5AC and MUC6 do not always exhibit positive reactions in sig-GC. Thus, in this study, DLS-present cases are defined as cases that fulfill the following conditions: (a) MUC5AC exhibits a positive reaction only in the superficial intramucosal layer; (b) MUC6 exhibits a positive reaction only in the deep intramucosal layer; and (c) Ki-67 exhibits a positive reaction limited to the middle layer. In Fig. 4 , the red line (MUC5AC-positive area) overlaps the green line (MUC6-positive area), and the yellow line (Ki-67-positive area) spreads widely; such cases that do not fulfill the conditions mentioned above are classified as "DLSabsent cases". When we assessed the presence or absence of DLS, we used each section that had the tumor maximum infiltration units, because derangement of DLS was assumed to occur first in the area. In addition, the presence or the absence of DLS was determined by superiority in the same way as diagnosing predominant pathological type in dairy everyday clinical practice. If the DLS-present area spread more widely than the DLS-absent area, the case was diagnosed as DLS present. Furthermore, the sections were examined by two pathologists (K.M. and T.S.), and any conflict was resolved by mutual consensus.
Measurements
In this study, we assessed the proportion of DLS among pT1a (M) sig-GC, the relevance of the histological features and LNM, and the LNM-negative condition. This study protocol was approved by the Institutional Review Board of Shizuoka Cancer Center (approval number: 27-J111). Informed consent from enrolled patients was waived by the requirement of the approving authority. In this case, from the top to the bottom, they are arranged in the order of the red and green lines, and the yellow line is localized to the borderline, similar to the normal mucosa (Fig. 2) . Such cases are classified as "double-layer structure present cases" 
Statistical analysis
The clinical and pathological data were analyzed using EZR version 1.36 (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [7] , which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). Precisely, it is a modified version of R commander designed to add statistical functions frequently used in biostatistics. In addition, we used Fisher's exact test and logistic regression analysis for the statistical analysis of the correlation between clinicopathological variables and the LNM status. Statistical significance was defined as P < 0.10 in the univariate analysis and P < 0.05 in the multivariate logistic regression analysis.
Results
In this study, we included 310 lesions (310 patients) of pT1a (M) sig-GCs. Table 1 summarizes the clinicopathological features of these 310 lesions. The median age of patients was 61 years, and half of the patients were male. Most lesions were located in the middle (59%) or lower portion of stomach (32%). In addition, the histological type was pure sig (60%) and mixed type (40%). Moreover, Ly was present in 5 lesions (2%). In addition, UL was present in 131 lesions (42%); however, V was absent in all lesions. The distribution of cancer cells among the intramucosal layers was whole-layer type in 200 lesions (65%). LNM was present in 21 lesions (7%). Furthermore, immunostaining revealed that most lesions were classified into the gastric type (51%) or gastric and intestinal mixed type (45%). Among our cases, 129 lesions (42%) were DLS present.
We performed the univariate analysis and multivariate logistic regression analysis to assess the LNM risk ( Table 2) . The univariate analysis revealed that "Tumor size > 20 mm", "UL present", and "DLS absent" were significant risk factors for LNM (P = 0.02, 0.07, and 0.01, respectively). The multivariate logistic regression analysis of the risk factor for LNM revealed only "DLS absent" as statistically significant [odds ratio [OR], 4.93; 95% confidence interval (CI) 1.41-17.3; P = 0.01]. In addition, "Tumor size > 20 mm" did not exhibit a statistical significance (OR 6.99; 95% CI 0.90-54.1; P = 0.06), similar to "UL present" (OR 1.92; 95% CI 0.75-4.91, P = 0.17). Considering the LNMnegative condition, in pT1a (M), UL absent, size ≤ 20 mm, sig-GC, which fulfilled the criteria defined by the Japanese guidelines [8] , no LNM was reported. Furthermore, in pT1a (M), lymphovascular invasion (LVI) absent, UL absent, size > 20 mm, and sig-GC, no LNM cases with "DLS present" were reported (Fig. 5) .
Discussion
Recent advancements in endoscopic technologies, including early diagnosis and endoscopic treatment, have increased the number of patients with early gastric cancer (EGC) treated with endoscopic submucosal dissection (ESD) throughout the world. Based on the pathological results of ESD, it is considered as a curative resection when the lesion is removed en-bloc with negative margins, LVI is absent, and the criteria defined per the Japanese guidelines [8] are fulfilled, because the LNM risk for such lesions is extremely low [9, 10] . However, if a lesion does not fulfill these conditions, the resection is considered as a noncurative ESD, and additional gastrectomy with LND is considered as the standard treatment. In contrast, the LNM frequency among additional gastrectomy in patients with a noncurative ESD is low. Previously, we reported that LNM was found in 9.3% (30/323) of patients who underwent additional gastrectomy after a noncurative ESD [11] . In contrast, additional gastrectomy could be an overtreatment for nearly 90% of patients with a noncurative ESD. Hence, it is imperative to determine the factors that contribute to LNM to avoid unnecessary gastrectomy. This study focused on pT1a (M) sig-GC. Previously, several studies have reported that lower rates of LNM and favorable prognoses correlated with early sig-GC compared with other undifferentiated EGCs [12] [13] [14] . In addition, a recent study reported that the LNM rate in pT1a (M) sig-GC was as low as that in well-differentiated EGCs [15] . Furthermore, the incidence of LNM in pT1a (M) sig-GC has been reported to be between 1.6% and 6.3% [3, [15] [16] [17] . In this study, however, the LNM rate was 6.8% (21/310). In addition, we focused on DLS as a new risk factor of LNM. In this study, the proportion of DLS among intramucosal EGCs was 42% (129/310), and "DLS absent" exhibited a statistical significance with not only the univariate analysis, similar to a previous report [6] , but also the multivariate logistic regression analysis risk factor of LNM. The correlation between DLS and LNM seemed more probable. Moreover, in pT1a (M), LVI absent, UL absent, tumor size > 20 mm, and sig-GC, no LNM case with "DLS present" was reported (Fig. 5) . Based on the pathological results of ESD, UL-absent cT1a undifferentiated-type carcinomas with < 2 cm in diameter are considered as a curative resection when a lesion is removed en-bloc with negative margins and LVI is absent. This study highlighted the possibility that even if the pathological results of ESD do not fulfill these conditions, DLS-present cases do not need an additional gastrectomy, because the LNM risk for such lesions is assumedly extremely low. Recently, Pyo et al. reported the risk-scoring system to estimate LNM referring the largest number (1544) of patients with pT1a (M) sigGCs [18] . However, they did not evaluate UL. Reported, UL exerts a great impact on LNM [9] . Indeed, in this study, the univariate analysis revealed that "Tumor size > 20 mm" and "UL present" are significant risk factors of LNM. Although the multivariate logistic regression analysis risk factor of LNM did not exhibit a statistical significance in this study, UL should be assessed when investigating risk factors of LNM among EGCs.
Among patients categorized as having noncurative gastric ESD, the multivariate logistic regression analysis revealed LVI as an independent risk factor for LNM (OR 8.57; 95% CI 2.76-38.14; P < 0.0001) [9] . Another study reported similar findings regarding LVI (OR 6.7; 95% CI 5.0-8.9; P < 0.001) [19] . In this study, although positive ratio of LNM among LVI-positive cases was 20% (1/5 cases), LVI did not exhibit a statistical significance, which could be attributed to the limited number of LVI-positive cases (5 cases) included. Notably, we enrolled only 5 LVIpositive cases, because subjects in this study were only pT1a sig-GCs, which did not include SM invasive GCs. Considering the high odds of LNM for LVI, patients who received a noncurative ESD without LVI should be tested for the presence of DLS to avoid unnecessary additional surgery.
This study has several limitations. First, this study was a retrospective, single-center analysis. Thus, a large, multicenter, prospective study is warranted. Second, several cases of conflict occurred between pathologists in assessing the presence of DLS. Notably, it was challenging to evaluate the presence of DLS, especially in UL-positive cases, because most infiltration units in UL-positive cases existed adjacent to an ulcer, and the number of tumor cells was low in the area. Hence, the diagnosis algorithm design (Fig. 5 ) may be acceptable. In other words, based on the criteria defined by the Japanese guidelines [8] , first, we evaluate LVI, UL, and tumor size, and then only in LVI absent, UL absent, tumor size > 20 mm, sig-GC cases, we add immunohistochemical staining (MUC2, MUC5AC, and MUC6) to evaluate the presence of DLS.
In conclusion, the proportion of DLS among intramucosal EGCs was 42% in this study. The univariate analysis revealed that "Tumor size > 20 mm", "UL present", and "DLS absent" are significant risk factors of LNM among pT1a (M) sig-GC. However, the multivariate logistic regression analysis of the risk factor of LNM revealed only "DLS absent" as statistically significant. In pT1a (M), LVI absent, UL absent, tumor size > 20 mm, and sig-GC, no LNM cases were "DLS present" cases. Thus, this study suggests that additional gastrectomy with LND may not be required for such cases. Hence, we strongly recommend an assessment about DLS with immunostaining in pT1a (M), LVI absent, UL absent, size > 20 mm, and sig-GC cases. 5 Considering the lymph node metastasis (LNM)-negative condition, in pT1a (M), lymphovascular invasion (LVI) absent, ulceration (UL) absent, size ≤ 20 mm, sig-GC, which fulfilled the criteria defined by the Japanese guidelines, there was no LNM case was reported. In addition, in pT1a (M), LVI absent, UL absent, tumor size > 20 mm, sig-GC, no LNM cases occurred with "Doublelayer structure present"
